Blockchain applications in Healthcare: A model for research by Zolfaghari, Amir Hussain et al.
Page 1 of 24 
 
Blockchain applications in Healthcare: A model for 
research 
 
 
Amir Hussain Zolfaghari1, Herbert Daly2, Mahdi Nasiri3, Roxana Sharifian4*  
 
1. MSc in Medical Informatics, School of Management and Medical Information Sciences, Shiraz University of 
Medical Sciences, Shiraz, Iran. 
2. Senior Lecturer in Computer Science at University of Wolverhampton, UK. 
3. Assistant Professor in Artificial Intelligence, School of Management and Medical Information Sciences, Shiraz 
University of Medical Sciences, Shiraz, Iran. 
4. Associate Professor in Health Information Management, Health Human Resource Research Center, Shiraz 
University of Medical Sciences, Shiraz, Iran: *Corresponding Author (Sharifianr@sums.ac.ir) 
 
 
Abstract 
Blockchain technology has rapidly evolved from an enabling technology for cryptocurrencies 
to a potential solution to a wider range of problems found in data-centric and distributed 
systems. Interest in this area has encouraged many recent innovations to address challenges 
that traditional approaches of design have been unable to meet. Healthcare Information 
Systems with issues around privacy, interoperability, data integrity, and access control is 
potentially an area where blockchain technology may have a significant impact. Blockchain, 
however, is a meta-technology, combining multiple techniques, as it is often important to 
determine how best to separate concerns in the design and implementation of such systems. 
This paper proposes a layered approach for the organization of blockchain in healthcare 
applications. Key issues driving the adoption of this technology are explored. A model 
presenting the points in each layer is explored. Finally, we present an example of how the 
perspective we describe can improve the development of Health Information Systems. 
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Introduction 
When people felt that the middleman should be disposed of the financial transactions, Bitcoin 
(1) was born via blockchain (2–4) technology. Blockchain was a technology that was not new, 
but brought with it available techniques to shape something new while the many attempts 
before (4) Bitcoin to create digital currencies could not draw people’s attention. However, 
Bitcoin came with a secret of satisfying security and tamper-proof-ness in transactions with the 
help of modern cryptography, and that was how the first cryptocurrency was born. 
After Bitcoin opened new doors for everyone to see blockchain technology capabilities, two 
happenings occurred in the following years. First, many startups attempted to introduce new 
cryptocurrencies by adding novel features or satisfying a particular need (5). Then, other 
industries found Blockchain, as the underlying technology of Bitcoin, to be right for solving 
issues that they are engaged in it. 
One of the growing interests on the blockchain is in healthcare, where many experts (6–11) 
believe that decentralized technology could solve some of its issues. Thus, scientists found 
medical data availability beyond their expectations by applying blockchain in healthcare. 
Patients’ medical histories significantly influence the exact diagnosis (12–16), while many 
studies have proven electronic health records to be effective in improving the quality of 
treatment (17–21). Patients’ locations might continuously change throughout their lives, and 
as a result, their records might get lost as they are saved in isolated databases [22]. Hence, the 
electronic health systems should be designed as interoperable with the ability to have 
continuous access throughout the patients’ lifespan, with accessibility by health centers to 
medical histories.  
However, before utilizing blockchain, we have to explore the current status of our software 
needs to see if the Decentralized Ledger Technology (DLT) can solve our issues. Some have 
suggested ways (22–25) to study the appropriateness of blockchain in each case before 
implementation. The data in healthcare is already segregated (26,27), as we have various 
information systems (28), diverse stakeholders (29), and different settings (28), consequently, 
integrating those entities by a DLT solution is logical. Moreover, the need to exchange a 
patient’s history in various formats amongst different stakeholders requires a trustable and 
transparent system such as blockchain. 
The rest of this study is organized as follows. First, some previous healthcare blockchain papers 
are briefly introduced in the “Related Studies” section. Next, we discuss why it is essential to 
regulate and standardize blockchain to improve the academic voice. Then, the traits of 
blockchain are outlined in seven layers. Finally, a “Functional Synthesis” of findings and study 
“Conclusion” comes afterward, plus suggestions for future works.  
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Related Studies 
Recently the interest in using blockchain and distributed ledger technology in healthcare is on 
the rise. Some published white papers provide a new model for health IT systems, and some 
others preferred scientific articles. 
In a white paper published by Deloitte, Krawiec et al. (30) discuss that blockchain can empower 
interoperability as they consider the current healthcare records to be disjointed due to 
developmental and standard problems. While they presented some of the implementation 
challenges, it also stated that blockchain could be the leverage between healthcare 
stockholders. 
Nichol et al. (31) showed the potential of blockchain technology in solving healthcare 
interoperability issues. They mention trust established by blockchain ecosystems can impact 
patient satisfaction positively as well as better healthcare outcomes by reducing the security 
risks. 
A team at Vanderbilt University (32) recently proposed a healthcare blockchain model and 
named it FHIRChain. They attempt to satisfy “interoperability roadmap requirements” (33) 
regulated by ONC (The Office of the National Coordinator for Health Information Technology 
(ONC), a governmental organization in the US). In this study, Zhang et al. summarized 
essential technical prerequisites and expressed the proper blockchain solution for each 
requirement. They try to introduce a standard, secure, and scalable architecture, integrating 
with the current systems to provide data sharing for better health decision making. In the 
mentioned study, five data sharing issues indicated: patient identity, secure data exchange, 
access permission, data format, and software modularity. Then, the solutions were presented 
by the robust characteristics of blockchain technology. One outstanding feature in the 
FHIRChain model is its compatibility with HL7 FHIR (34,35) (Health Level Seven 
International health-care standards organization, Fast Healthcare Interoperability Resources), 
an international standard for electronic health record data exchange. 
Unlike other studies, Zhang and Lin (36) designed their model to store data inside Blockchain. 
They hoped to use blockchain for secure and privacy-preserving PHI (Personal Health 
Information) while believing a better diagnosis would occur by sharing data, using blockchain 
technology. Their solution was to use two parallel blockchain networks; a “private blockchain” 
one for storing essential encrypted PHI data, and the other one a “consortium blockchain” to 
record data references. 
Zhou et al. (37) identified that they stored data inside the blockchain, although many believe 
the in-chain data storage cannot lead to a comprehensive solution as long as we are dealing 
with multi-type data in healthcare. Some file types like X-Ray images are very hard to store 
that way. On the other hand, they mainly designed their model for the insurance data exchange 
plans since their system deals with light database records, and storing data in-chain for faster 
and more secure communications is logical. 
All in all, observations showed that most papers focus more on one aspect or sub-technology 
of the blockchain while presenting models in their own words and not mentioning all details.  
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The aim of standardization 
The purpose of this paper is to provide guidelines to simplify the understanding of blockchain 
models generated for healthcare. Hence, we are suggesting a model with seven layers for the 
researchers to present their healthcare blockchain prototypes. As research shows (38), a clear 
description of ICOs leads to more success among users and investors. Hence, we present this 
paper to recommend a model to unify the prototypes. Since technology development is 
dependent on standards, protocols, and rules, we hope that the current study could be seen as 
an initiation to lead models to more efficient ones. 
Software standards aim to utilize previous experience in order to form rules by developing the 
project to meet the future needs more comprehensively, shaping the structure to be quickly 
understandable, and designed in a modular way to be easily updatable. (Figure 1) Our aim was 
not to define a standard but to suggest study layers in representing blockchain models generated 
by the researchers. We firmly believe blockchain needs to have a standard for its maturation, 
and this can only transpire by a revolution. 
 
Figure 1: The three advantages of standardization in software development. 
 
The current Internet protocol, known as TCP/IP, also had a similar history with blockchain 
technology. Bochmann et al. (39) reported the 1970s and 80s network protocols’ history, OSI 
7 layers and TCP/IP, by saying that we have had a long journey, many people worked, and 
various protocols were defined until the technology reached its current place. 
One of the previous attempts toward standardization of blockchain was the Ethereum 
Improvement Proposal (EIP). This proposal delivers details on how to build united technical 
features within the community for Ethereum implementations while breaking down its standard 
into four levels. The core, for the consensus fork; Networking for the protocol improvements; 
Interface for the interoperability changes like API specifications, and the fourth level ERC 
(Ethereum Request for Comments) which offers application advances like wallet formats (40). 
Another practice toward it, is the "Chain Open Standard," while its developers assert that it is 
Software 
standardization
Comprehensive 
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the pioneer in transaction speed, privacy solution, smart contract enforcement, and operational 
load volume (41). 
In line with what was mentioned, Singhal et al. (42) suggested using a five-layer model to have 
a clear understanding of blockchain technology. The reason for choosing five layers was to 
accommodate a flexible, robust, and uncomplicated model for layering the blockchain. Those 
five layers are as follows, respectively: Application, Execution, Semantic, Propagation, and 
Consensus. Since blockchain is a meta-technology (43), the better approach for learning it is 
to divide the educational process into distinct layers. 
 
How we end up with seven layers? 
Throughout a healthcare blockchain Delphi study, we asked 20 experts to identify essential 
blockchain qualities. This Delphi study was part of more extensive research to present a 
blockchain model, which we also used to inquire about our question about this specific case. 
We asked them which of the noted (table 1) twelve blockchain qualities are essential to consider 
as a segregated layer if we plan to propose the implementation of blockchain technology into 
divided sub-layers. We also appended that, blockchain is a meta-technology shaped by multiple 
computing techniques. Hence, to study blockchain models, we seek to determine which of these 
twelve features can be considered as an individual layer. 
The experts who joined this survey were specialized in blockchain technology for at least one 
year and from five different countries. They selected their desired number of qualities out of 
these twelve features, and next, we summed up all of their votes. The experts were free to 
choose as many features as they liked. Seven of these features captured more than 50% of the 
votes. Not only did they rate these layers as the most important ones on the list, they also ranked 
the layers’ importance. The percentage of votes might represent the significance of each layer. 
Hence, we are going to discuss them in order of their vote numbers. (Table 1 represents the 
detailed results of this survey based on their ranks) 
 
Table 1: List of blockchain features rated by twenty experts.  
 
Layer Name 
Number 
of Votes 
Percentage 
of Experts 
Endorsed this 
Rank 
1 Privacy 18 90% 1 
2 Storage 16 80% 2 
3 Smart contracts 16 80% 2 
4 Distribution (Network) 11 55% 5 
5 Cryptography 13 65% 4 
6 Application 10 50% 6 
7 Consensus 10 50% 6 
8 Computation 6 30% 8 
9 Semantic (Ledger) 6 30% 8 
10 Cryptocurrency 4 20% 10 
11 Mining 1 5% 11 
12 Joining Mechanism 1 5% 11 
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The seven layers of blockchain in healthcare 
We tried to end up with fewer layers while preserving key blockchain features. Therefore, we 
selected the top seven layers out of the survey results. The represented blockchain traits are in 
terms of integrity, unity, robustness, and their impact on making blockchain an essential path 
to solve interoperability issues. We also focused on simplicity, dependency, and the factors that 
were elaborated on by previous papers. Next, regarding the diversity of blockchain designs 
done for healthcare, we tried to add relevant notes to clarify the general marks in each layer. 
The sequence of layers represents their rank based on the number of votes and does not 
necessarily express their priority. We will discuss them separately, although most of the issues 
are satisfied for those who use the already available platforms like Hyperledger and Ethereum. 
In the same way, all layers are necessary to be reconsidered based on the design purpose and 
practice. 
 
Layer 1: Privacy 
On bringing blockchain to the healthcare sector, the most crucial achievement would be 
protecting patient privacy. This layer is to cover the user’s privacy along with healthcare ethics 
considering cryptocurrency techniques. Since the main aim of employing blockchain for 
healthcare data sharing is its underlying architecture plus solid data structure for open and 
secure transactions, (44) the essential prerequisite of sharing healthcare data is its security (45). 
Cryptography plays a vital role in ensuring the safety of access to medical data, as healthcare 
data has always been the primary focus of hackers (46–49). The privacy layer is responsible 
for safeguarding the medical data, making it available to the genuine needs for treatment and 
research after preserving ethics. 
Privacy and Ethics 
When it comes to sharing patients’ data, the main concern becomes Ethics. In regards to 
healthcare data, there are four philosophical concepts (50) that should be highlighted: 
autonomy, beneficence, non-malfeasance, and justice. 
Autonomy: is the right of information self-controlling. Hence, all patients should be able to 
decide on their own, where/when to publish their data, while that is the primary goal of most 
healthcare Blockchain projects in the world. 
Beneficent: generally means doing good and the tendency of well-being (51). The integrity of 
the blockchain system can meet the term. Integrity means the system works fine while 
blockchain comes in, primarily to satisfy that need. 
Non-Malfeasance: do not allow harm to happen, lower risk, and increase trust (52–54). 
Anytime trust is reached in the healthcare system, and patients feel confident with their 
physicians, they would readily disclose their medical histories. Otherwise, in the course of 
refusing to reveal information, the case becomes more laborious; hence, hindering the 
treatment process (55). Consequently, trust is the foundation of non-malfeasance, which is also 
the main objective of Blockchain technology. 
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Justice: providing what anyone owes or deserves (52). Directly reached by healthcare 
interoperability, when data availability, accuracy, and security is satisfied for everyone (56). 
By the correct implementation of the blockchain platform, all of these can be met. 
 
Layer 2: Storage 
One of the first decisions in designing a blockchain solution for healthcare would be whether 
to store medical data inside or outside the blockchain. This decision has a high impact on 
blockchain scalability, replication volume, and network speed (57). The blockchain design 
depends on its application, whether that is employed to share data between the same HIS (Health 
information system) software, connecting various software frameworks, or other purposes. 
Based on the use, the decision would affect the structure of the shared ledger, cryptography 
techniques, and even all the posterior layers of the desired blockchain.  
In the case of on-chain, the data are encrypted and stored inside the blockchain ledger. Hence, 
information becomes accessible, transparent, and tamper-proof. This solution would be 
sufficient for use-cases with transactions small in size, identical in structure, and consistent in 
file type. An excellent example of this type of blockchain is cryptocurrencies such as Bitcoin 
and Ethereum since we are unable to store exponential data with various formats in this model. 
On the other hand, healthcare data consist of various file types. MRI and X-Ray images (58,59), 
genomic data (60–62),  structured data in software repositories (63,64), unstructured data (65), 
such as various kinds of reports and forms,  numerous paged scanned patients’ documents, etc. 
All of these types mentioned above shaped the medical data, which leads healthcare to a 
homomorphic data structure. Maybe the most significant difference between healthcare and 
cryptocurrency blockchain. 
In the case of off-chain, the ledger would be the place to store the permission tables and 
transaction data logs. Ethically, logs must clarify who has accessed the records of a patient at 
a specific time or place. As data are getting out of the secure environment of the blockchain, 
the solution should surpass by solving the single point of failure for medical histories and files. 
Moreover, developing a new mechanism is required for querying the data. In the off-chain 
model, there should be a security plan to store file addresses/pointers, data hash (66), and even 
some meta-data, on the ledger or smart contracts, while accessible by all authorized users.  
Both on-chain and off-chain have their pros and cons and should be selected based on the case 
purpose. In terms of on-chain, we have more immutability, availability, transparency with the 
cost of high computation needs, data redundancy, and information revealing. Hence, the 
network becomes slow, complex, expensive, and hard to work with. When it comes to off-
chain, the system can be more scalable, transferring files of bigger-size and various types 
becomes more comfortable, and medical histories can be kept private. However, the design 
solution should not compromise blockchain benefits. (57) Table 2 outlines both solutions. 
Note that ledger is also discussed here as a part of the storage system, although experts 
deprioritize it as a single layer. In both on-chain and off-chain cases, the ledger is transparent, 
tamper-proof, and can be shared among all nodes.  
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Table 2: The pros and cons of the on-chain and off-chain model. The gray shading shows the advantage, and the 
other ones are considered as disadvantages. Note that solutions should be developed in a way to overcome 
obstacles. 
Layer 1 On-chain Off-chain 
Cost Higher cost of data redundancy and 
computations. 
Lower disk space and computations lead to 
lower costs. 
Time and speed 
It consumes more time to compute every 
transaction and synchronize all nodes. 
One or a few providers keep a copy of the 
data. Hence, less time is consumed for 
synchronization. 
Computations 
Every transaction needs computations. 
The data are queried for patient treatment; 
hence, computations are needed only at the 
time of data generation and fetching. 
Replication 
All full-nodes replicate the data. 
Based on the solution, one or a few 
providers keep the data. 
Privacy 
Data is revealed for computations. 
Data is kept by the providers until a 
physician request to access patient history. 
Immutability Information is in the blocks. Hence, no one 
can alter it without having at least 51 
percent of the network power. 
One or a few mediums keep the data. 
Scalability Nodes need more resources to join the 
system. 
Easier scalability features. 
Data availability All full-nodes are available to reply to the 
information requested. 
The data provider should be accessible. 
 
The primary database of blockchain is the shared ledger that brings trust and transparency. The 
ledger is a key characteristic of blockchain that establishes clarity between untrusted parties. It 
can be a solution for various healthcare stakeholders to join a network in the absence of trust 
and transfer valuable data while records are safeguarded, and transactions are apparent to all. 
Ledger is the database presented to all. In centralized networks, the databases can only be 
accessed by the company's administrators, but in a decentralized one, it is available to all users. 
Blockchain is a new trend in trust and security. In centralized networks, security was to hide 
servers and protect them by firewalls, but in the decentralized blockchain, transparency and 
distribution provides the safety. 
The ledger is an append-only database of transactions. Blockchain distributes mirror copies of 
the ledger through the peer-to-peer network after new transactions are done and accepted. 
Hence, structuring the ledger contents should make the whole system a more trustable and 
transparent place. In figure 2, we depict a hypothetical transaction in a healthcare blockchain 
system. 
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Alice visits her primary care physician, Dr. Bob.
Alice s record [pointer] with 
the related hash key is now on 
a block in the blockchain 
ledger.
Dr. Bob diagnoses  chronic back pain  on March 19, 2019, at 14:00
The system may automatically generate the structured report adding 
ICD11 Code: ME86.2Z&XT8W
in FHIR JSON file format using artificial intelligence techniques
The report will be encrypted using Alice's private key.
The new record distributes on the blockchain network for consensus 
using the desired proofing algorithm.
Alice's record confirmed and 
added to the latest block.
The record is identified 
as a fake transaction and 
rejected.
 
Figure 2: A hypothetical transaction in a healthcare blockchain 
 
Layer 3: Smart Contract (Execution) 
The unique feature of blockchain technology “smart contracts” is defined here by considering 
that the current layer adds real computational power to the blockchain, making it a prominent 
system. Smart contracts are codes that enable blockchain to transfer more than just values or 
coins; in addition, setting policies, rules, and regulations. The emergence of asset transfer in 
blockchain has made engineers utilize it in other settings such as healthcare. 
Smart contracts are determined as self-executable codes that run after certain conditions are 
met. Those codes are written based on agreements or contracts between mistrusting parties. A 
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clear example could be the patient’s data exchange between healthcare providers and insurance 
companies to pay back their share of treatment costs. Accordingly, that would facilitate the 
complicated bureaucracy processes by reducing the costs of administration and converting 
paper-based contracts and procedures into easy byte-codes. 
By the time of submission and after smart contract codes are stored on the blockchain, they 
cannot be revoked. Hence, it is imperative to test and be sure of the codes’ functionality by 
overcoming any ambiguity before deploying the codes. It is essential to develop smart contracts 
in an auditable manner for verification purposes and to log all events (67) during the running 
time. Most healthcare policies - in the format of smart contracts - are regulated for long-term 
resolutions. 
Blockchain is not a data repository; besides, smart contracts once deployed are permanent and 
immutable. Therefore, to allocate resources in a better way, variables should be developed after 
categorizing them into two permanent and transient values to store vital information 
permanently in storage, and the temporary ones in memory. 
Smart contracts are a digitized formation of confidential agreements among untrusted parties, 
which will be the next-generation business paradigm.  
In parallel with healthcare ethics, patient privacy, and access control mechanism, the execution 
should be running while considering permission tables to satisfy data access ethics. 
 
Layer 4: Distribution (Network) 
The decentralization has a meaning here, where no central authority controls the whole 
network. Blockchain is a network of nodes joined together while they are not limited to 
synchronize to a centralized server. A node finds the nearest peer and gets the latest transaction. 
It also checks hashes to ensure that the received ledger is the one that the majority of network 
members agree to be true. 
Decentralization is what safeguards networks against vulnerabilities like a single point of 
failure. By discarding the central server and distributing resources, there is no single point for 
hackers to target. An attack on a user will only suspend that specific node while other peers 
continue using the network by pairing to different available routes. 
This is how blockchain makes a cohesive network, and a hostile person needs to own 51% of 
the nodes to spoil the system. Distributing resources can overcome vulnerabilities like Denial 
of Service (DOS) types of attacks that are prevalent on the web. The bigger the network, the 
more powerful it is, and the harder it would be to down the system. 
The developer of decentralized apps has to address solutions for some concerns. Such as:  
 How peers are going to find each other 
 Where are the nearest nodes 
 How blocks are propagated and forwarded (to ensure all the network is synchronized 
with the latest and most trustable ledger) 
 How new nodes join the network 
 How to overcome the nodes latency issue 
 How the route tables can lead a node to the nearest available host, especially for off-
chain cases 
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Layer 5: Cryptography 
Cryptography is what brings an immutable structure to the blockchain. The encryption 
algorithms formed the basis of blockchain by their principles. Regarding the details of these 
principles, it could be a trade-off as sometimes improving the security of the blockchain is a 
loss of another feature. This trade-off implies that we have to compromise on features that are 
desirable yet are opposite. (68) Next, data in healthcare has various scopes; hence, decrypting 
it is time-consuming, which demands solutions. 
Applying the digital signature as a strategic blockchain technology feature for healthcare has 
some cons that have to be considered (69,70). As an example, barriers can be key management 
or reducing the speed of access to emergency medical data. Key management and confiding 
the private key is an issue that has to be considered since some patients might lack access to 
smartphones (67,71). Tian et al. (72) simulated a model for accessing the patient keys in case 
of emergency to make medical data available in the blockchainized world. 
The flip side to this coin is the emergence of quantum computers (73,74) and their high 
potential for computing. This processing power threatens the blockchain digital signature 
cryptography integrity (75). Although we are far from quantum days (75), systems are much 
better designed in a way that would be able to change their cryptography algorithms by 
employing post-quantum ones when needed (76,77).  
 
Layer 6: Application 
The decentralized software engineered for blockchain should be capable of working on a peer-
to-peer network, in comparison to regular applications that mostly connect to a particular data 
server. Hence, the appropriate development of a framework based on the setting’s requirement 
is selected here. The scalability of the client-side app, the modular-based programming, and 
API (Application Programming Interface) connection, will reach a decision here. 
The client-side medical software has to be developed more cautiously since any corruption in 
the codes might lead to a patient’s harm (78). A study (79) shows that at least 173 million 
records of health data were breached since late 2009 in the US. While it is vital to have instant 
access to health information, the weaknesses can lead to severe social and ethical problems 
caused by malware, data breaches, or hackers attacking the system (80,81).  
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Layer 7: Consensus 
What is most remarkable about any blockchain system is its consensus type. The consensus is 
the way that any untrusted peer agrees to add a new transaction in the decentralized network. 
It can be respected as the most crucial game-changer in any blockchain as system scalability 
and performance is dependent on it. The consensus is responsible for defining how a peer can 
be trusted, in addition to how we chain a new transaction to the previous ones. 
Its primary duties are to preserve ownership and maintain system consistency. To address these 
qualities, it has to incentivize some users to collaborate in system integrity. Blockchain strategy 
invites some nodes to participate in solving some mathematical computations to distinguish 
honest from dishonest nodes. Nevertheless, each system requires its specific consensus, 
depending on the need for scalability, availability, and consistency. There are many consensus 
algorithms available, while some might also develop their own. 
Liu et al. (82) investigated blockchain game theories and introduced the mechanism as follows: 
 A node announces a new transaction. 
 Other nodes verify the honesty of both the node and its current transaction. 
 A bundle of transactions is broadcasted to be verified by the network. 
 Some nodes participate in the process of validating this new block by running 
blockchain consensus functions. 
 The new block is chained to the previous ones, and nodes synchronize their local 
ledger by replicating the novel updates. 
Sonnino et al. (83) believe that blockchain has scalability issues for large-scale usage, while a 
proper consensus can fix this issue. That is why many seek alternative solutions acknowledging 
that building a new consensus demands a deep understanding of other protocols. Following, 
they classified protocols by ten features and analyzed them using the same framework. They 
recalled three points of classical consensus (84) that for all faultless processors, a value is 
assigned. Next, all come to one identical value, and lastly, if all processors submit the same 
input, then that particular value is validated. Subsequently, they distinguish the blockchain 
consensus and compared several protocols to mark their key features and settings that they 
work in. Another consensus study is what Wang et al. (85) did on the permissionless consensus 
mechanisms. They underlined how blockchain could impact different fields by explaining the 
purpose of blockchain in these areas while mentioning how blockchain consensus works 
comprehensively. 
Another group of scientists (86) believes that the consensus type is the crucial point in 
blockchain performance and scalability. They claimed that they could simplify the blockchain 
consensus protocols to evaluate their performance, security, and design properties to answer 
any future concerns. 
The other concern is what if 51% of the nodes are in collusion to impair the system 
integrity. Schrepel (87) attempted to answer this question in his comprehensive article. He 
analyzed collusive agreements in various scenarios considering suspicious acts by the users, 
developers, or miners, either in consensus mechanism, smart contracts, public, or private 
blockchain. Then, he addressed the situations and highlighted how we could efficiently exit 
this challenge by using smart contracts. Following, he stated how laws and regulations could 
also help to prohibit trust between colluders and reach a safe, distributed environment. 
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After all, we suggest that precise attention required for the process of developing a consensus 
protocol for a system. The design and implementation of blockchain consensus profoundly 
impact the expansion of the system and its wide-scale extensibility. Moreover, consensus 
influences the speed, security, and system operation while also attracting nodes to associate in 
safeguarding the network by its incentivization craft. Hence, any consensus type by its precise 
features belongs to the related areas and has its unique outcomes. 
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Functional Synthesis 
We have proposed to study healthcare blockchain models in seven layers to consider features 
of the technology as significant traits. Several technologies join in shaping the blockchain and 
making it an outstanding solution to overcome medical data-sharing issues. Each technique, 
regardless of their priority, has various options to be considered. Therefore, we suggest 
studying blockchain models in separate levels to emphasize all of their model features to 
achieve the best applicable proposal. 
Despite the fact that blockchain has made swift improvements in finance and supply chain, it 
is still immature in healthcare (88), whereas it has to address different solutions for the medical 
setting. As an example, the ledger in cryptocurrencies has an invariant structure, while 
blockchain in healthcare has to cope with various forms. Moreover, it has to resolve multi-type 
data with diverse structures, usually located in distinct hosts. 
Blockchain, with its modular characteristic, commits its integrity, immutability, and flexibility 
to be employed in different applications in healthcare such as patient-driven interoperability 
(11,89), privacy-preserving data exchange (90), and improving clinical research (91). Hence, 
if developed appropriately, it can lead to a revolution in healthcare.  
The "Data sharing" term is defined by the possibility of providing data for various applications 
or users. In healthcare, more explanation is needed to satisfy continuity of care. The time that 
we can claim we have "data sharing" in our health system is when the data would be available 
to the authenticated person as an aggregate, accurate, and complete entity. Blockchain aims its 
capability to satisfy this need, yet on a premise that all healthcare stakeholders discover this 
potential by actively employing it in their systems. 
Mackey et al. (88) believe that the modularity of blockchain enables it to adapt to multiple 
usages in the health sector. Following, they discussed six questions to verify the possibility of 
this approach; hence, they used this procedure to set some examinations and outlined how a 
future healthcare blockchain would work, based on the currently available resources. They 
gathered cross-disciplinary specialists to discuss various applications of blockchain in 
healthcare while they emphasized the essential requirement to take this cutting-edge 
technology forward as an industry standard. Finally, they asserted that newly raised 
uncertainties on the blockchain, such as interoperability of legacy systems, consensus-built 
credibility, and rising open platforms, can be addressed by the technical standard. 
What makes blockchain a robust system, is its well-combined techniques to change an 
untrusted network to a fully trusted one while it is necessary for presented models to clarify 
how they apply those techniques in their model. We highlighted these features to ask system 
architects to make their ideas toward these points more transparent. There are seven principal 
characteristics to be considered when a blockchain model is going to be presented; Two for 
healthcare; and five for technical aspects. As mentioned, the first two are for interpreting the 
system behavior toward medical files, and how privacy is preserved. The further five 
approaches are as follows:  
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First, smart contracts, second, determining how nodes route in the network and detail of how 
the ledger would be distributed. Third, the policies toward encryption. Fourth, the front-end 
interface where users work with the system, and fifth, the consensus type and the method of 
incentivizing miners for their commitment to addressing the system integrity. That is the way 
we believe readers might better obtain insight into the whole model presented. 
The medical data stands out when it ends up in a unified reality rather than a fragmented one. 
Blockchain can reshape healthcare by transforming traditional communication problems with 
the enforcement of blockchain networks (85). However, blockchain has many hurdles to being  
adopted widely in legacy medical software and needs to be matured in order to become reliable. 
Also, more research is warranted to regulate and address best practices for healthcare (92). 
 
Conclusion 
Blockchain is a joined of multiple techniques that lead to a safe, transparent, and privacy-
preserving infrastructure. The design of this meta-technology demands for architectural 
decision subjects like confidential data, storage methods, regulations, block propagation, 
encryption algorithms, interfaces, and consensus mechanisms. That is why we request the 
separation of these concerns in the design process for more clarity. 
In this study, we recommended system architects to explain their models giving detailed 
information in these seven layers. We suggested abstracts that would shed more light on the 
model presentations for healthcare blockchain. This particular model will improve academic 
voice in presenting healthcare blockchain models and highlight each essential blockchain 
feature individually. These presented features are seven traits of blockchain, discussed as 
segregated layers. The application and details for each one can be studied more to enhance 
blockchain utilization in healthcare; that is how we conceived there is a lack of standardization 
for it. 
Bringing standards in technologies can help it to become scalable by creating many 
opportunities. The standard or somehow regulations in healthcare blockchain can lead to wide-
scale adoption, resulting in enhancement of clinical research, empowerment of patient control 
of self-data, and the emergence of precision medicine. All these can give rise to health services 
and advance social wellness.  
Overall, we proposed this layered approach to the implementation of blockchain in the 
healthcare sector and explored fundamental concerns in developing this technology to point 
out each as a layer. We believe describing models in this way can improve the development of 
blockchain in healthcare systems. Therefore, let the revolution begin! 
 
Limitations 
The major limitation of the study is that blockchain, a cutting edge technology, is relatively 
new, although ten years have passed since its introduction. However, few projects have been 
carried out in healthcare, and a small number of outstanding research papers are available in 
this setting; moreover, there is a lack of expert knowledge, so we get together needed 
information mostly based on each layer. 
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Future studies 
The topic of the paper is still new and surely can be enhanced more. Hence blockchain experts 
are appreciated to share their experience and address their findings to advance this issue. Even 
a council can be shaped to standardize the conversation in blockchain technology, or a group 
of professionals may debate the regulatory requirements. 
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